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MULTIDISCIPLINARY TECHNOLOGIES

Revolutionary Capability Through
Multidisciplinary Design



Multidisciplinary Technologies (MDT)
Research for Air Vehicles

The Air Force Research Labofatory
(AFRL), headquartered at Wright-

largest co aworld dedi- \

cated to scientific and engineering |

excellence in flight-sciences. The

Laboratory’s Air Vehicles Directorate (VA) is responsible
for leading the development and implementation of many
aerospace technologies, such as aerodynamics, struc-
tures, and flight controls, and system concepts such as
unmanned air vehicles, access to space, and sustain-
ment. Design methods developed from a multidisci-
plinary perspective are required to successfully exploit
these technologies and enable revolutionary air vehicle
designs and system level capabilities.

" In support of the AFRL goals, the
mission of the MDT Center is to iden-
tify, develop, and improve crifical

gy design tools, methods and pro-
T e msesetasupport innovativg and
affordable military asrospace wehicle devel OfmISmsy
This capability enables the Center to serve the Air
Force by quickly identifying innovative, viable
aerospace vehicle concepts. To achieve this mission,
core competencies are maintained in design and inte-
gration, optimization methods, aerospace sciences,
and computational analysis. This mission is based in
basic and exploratory research and supports devel-
opment projects leading to new system concepts in
AFRL and the Air Force.

Current Research Areas for Multidisciplinary Design and Analysis

Design Processes & Air Vehicle Design
Develop design processes and a framework for technology
assessment, application and invention. Use these process-
es to develop air vehicle technologies that exploit and max-
imize the benefits of previously unused technology inter-
actions. The payoff is the ability to quantify benefits of new
technologies in a system context and identify future tech-
nology developments for an optimal system design.

Innovative Air Vehicle Technologies

Identify and evaluate leading edge air vehicle technologies,
such as micro adaptive flow control, that will lead to new
and unique system capabilities and provide methodologies
suitable for preliminary design of air vehicles that utilized
these technologies. Payoffs are the ability to rapidly iden-
tify, assess and exploit leading edge technology concepts.

Computational Aeroslasticity

Understand physical processes associated with
aeroelastic behavior of flight vehicles and develop
highly efficient computational tools that accurately
model them. Payoffs are substantial reductions in
design time due to rapid analysis capability and reduc-
tions in redesigns due to a more complete under-
standing and modeling of the physics.

Modeling of Nonlinear Systems

Conduct basic research to understand multi-physics
interactions and the impact of uncerfainties on the
behavior of nonlinear systems. Develop design-based
methods involving high-fidelity techniques for analyz-
ing nonlinear systems. Payoffs include improved
designs of new vehicle concepts for the war fighter
through nonlinear optimization.




Impact on the Air Force

‘Store Certification &
Aerolastic Wing (AAW)
High-fidelity (HF) analysis of aerodynamic-structural
interactions of current systems, such as the F-16, is
contributing fo reducing flight hours required for
store cetification. HF analyses of the AAW concept
supports the Air¥ehicle Directorate’s AAW Program
with flow characteiisﬁics and structural requirements
that are critical to developing AAW design guidance
for future USAF air vehicles.
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Center design teams are supporting the VA —
Integrating Concept Programs by assessing the
capabilities of and Identifying technology require-
ments for new air vehicle concepts, such as the sen-
sorcraft (left). These are multidisciplinary design
teams that not only consider classic design issues
such as aerodynamic and structural performance
but also new metrics such as antenna performance.

FAR TERM

Revolutionary Air Vehicle Concepts

Air vehicles {such as advanced unmanned combat air vehicles (left)
and hypersonic flight vehicles (above)) for the Air Force of the 2st
Century will take advantage of advanced technologies, such as flow
control and multifunctional structures. Vehicle concepts that max-
imize performance of these technologies will be enabled by multi-
disciplinary methodologies and energy based design processes
developed in the Center.




MDT In Action-Technology Development
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Web Based Design Pracess

The Center is developing enhancements of the
Adaptive Modeling Language: to allow multiple
users to collaborate concurrently on a single design
model. These users can be at distributed sites and
connected through the internet. This capability will
enable large reductions in vehicle design time.
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Adaptive Structures

The Center is managing a DARPA sponsored pro-
gram to design, test, and validate adaptive structure
concepts for combat UAVs. Northrop-Grumann is
the prime contractor. Technical participation by
Center personnel and NASA Langley also play a
major role toward understanding USAF applications
of this technology. Low bandwidth concepts to
improve takeoff and landing performance have been
successfully demonstrated.
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MDT in Action - Basic Research
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Design for Radar Cross Section

Radar Cross Section’s dependence on exterior shape
makes it a strong factor in preliminary design of air
vehicles. Several tools are available for this pur-
pose. One of which is the the method of moments,
This analytical tool determines the amplitude of sur-
face currents in the frequency domain. Regions with
strong amplitudes become candidates for reshaping
or the application of radar absorbing materials. The
Center is exploring several of these techniques and
understanding how to most efficiently bring them
into the design environment. e |
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Visit our website at www.va.afrl.af.mil




